Objectives-To describe the dimensions of childhood pedestrian and bicyclist injuries in Long Beach, California, and to identify risk factors for these injuries. Population-Long Beach residents aged 0-14 years who were involved in an auto versus pedestrian or bicyclist incident that resulted in a hospital visit and/or police response, between 1 September 1988 and 31 August 1990. Methods-Cases were identified retrospectively using hospital charts, police records, and coroner's reports; demographic, clinical, and situational information were abstracted from the same. A nested case-control study was conducted to examine the street environments where children were injured, and to identify environmental risk factors at these case sites. Results-288 children comprised the sample population. Midblock dart-outs emerged as the single most common type of incident. Most incidents happened on residential streets, but the risk of injury was greatest on larger boulevards, and tended to cluster by region within the city. Adjusted odds ratios show that case sites had a larger proportion of traffic exceeding posted speed limits, and were also four times more likely to be near a convenience store, gas station, or fast food store than control sites. Conclusions-The findings of this study suggest three possible routes for the prevention of childhood pedestrian and bicyclist injuries: education, law enforcement, and environmental modification. (Injury Prevention 1996; 2: 212-218) 
Among children, pedestrian injuries rank as a leading cause of death in the US, and constitute a growing concern in many urban settings worldwide.' In 1993, 818 pedestrians in the US aged 15 or younger died after being struck by a motor vehicle, representing 25% of all motor vehicle related fatalities in that age group, and an additional estimated 31 000 children were injured as pedestrians.2 A study of child pedestrian injuries in Memphis, Tennessee, found the normative injured child to be a male of elementary school age, injured while crossing the street, and living in a high density urban area. Most injuries occur after school hours on local roads. Known risk markers for pedestrian injuries include poverty,3-6 living in a multifamily dwelling,7 living in an area with busy streets (relatively high posted speeds and/or greater traffic volumes),78 male gender, and non-white ethnicity.369 In 1993, 310 child bicyclists were killed in the US, and an additional 30 000 were injured.2 Thirty six per cent of all bicycle related deaths occur in the 5-15 year age group, with the highest rates of fatal injuries among males age 9-10 years.'0 While most bicycle related injuries are not fatal, many lead to head injuries that can have serious medical consequences.'0 There has been a recent trend in many areas of the US to adopt child bicycle helmet laws, and helmets are also being considered as an injury prevention strategy for pedestrians in Japan.
This study was undertaken in response to concern initially expressed in 1990 by the medical community of Long Beach, California that pediatric pedestrian and bicyclist injuries were increasing in number and might be overrepresented among certain ethnic groups. Thus, the purpose of the investigation was to determine the magnitude of childhood pedestrian and bicyclist injuries in Long Beach and to identify risk factors for these injuries. The broader aim ofthe study was to provide information and prevention recommendations to the City of Long Beach toward the goal of reducing these injuries. Medical record abstraction provided demographic information including age, gender, ethnicity, and local address. Clinical information included assessment of prehospital and emergency department treatments, diagnoses, severity of injuries, inpatient treatment, and total hospital costs. Police reports yielded information on injury location site, detailed description of the event, party at fault, vehicle code violations, witnesses' statements, and other related details. For the 15 fatal cases, the cause and manner of death were confirmed with coroner's records. Abbreviated injury scale (AIS)" scores were calculated from ICD9 diagnosis codes assigned in the hospital. These scores assign a seven digit numeric code which specifies body region, exact type of injury, and expected severity of that injury on an integer scale of 1 (minimal) to 6 (unsurvivable).
Because many potential environmental risk factors are not recorded in routine police reports, a case site/control site investigation was undertaken. Environmental assessments were conducted for 111 injury case sites and 111 non-injury control sites addressing a variety of issues at and around the general location of the incident. Similar case-site/control-site designs have recently been used by Stevenson et al,'2 and Agran et al."3 Case sites were selected from the sample of injured pedestrians to achieve geographic representation for the entire city, in an attempt to distribute this effort over as many environmental variations as could be found within the study's boundaries. Sites with multiple injury occurrences were examined only once, while sites within a half city block of a previously selected site were not examined separately. Control sites were randomly selected within two blocks of the case location: reference to a predetermined compass rose determined the direction and number of blocks (one or two) in which the field investigator was to move to identify the control site. 'Midblock' events were defined as those occur versus bicyclist collisions. Of those, 288 (15 of which were fatal) were Long Beach residents with injuries that occurred within the city boundaries: these children are referred to as 'incident cases'. Average age of pedestrian cases was 6 9 (range 0-1-14 1 years), and of bicycle cases was 10 2 (range 3-0-14-9). The average annual incidence rate for both pedestrian and bicyclists combined was 154/100 000 children/year. The pedestrian injury rate was 117/100 000/year, and the bicyclist injury rate was 37/100 000/year. For each type of injury, however, the rate varied greatly according to the age and gender of the child. Children aged 5-9 years had the highest rates for pedestrian collisions, while children aged 10-14 years had the highest rates for bicycle collisions (figure). The average age of pedestrians hit on private property was 2 7 years, while the average age of children hit on public roadways was 6-5 years. As shown in table 1, injury rates for both types of collisions were consistently higher among males: boys had rates 2 3 times higher than those of girls.
Differences were also found among ethnic specific injury rates for both pedestrians and bicyclists. Pedestrian injury rates for blacks, Asians, and Hispanics were each nearly three times the rate for whites (table 1). Bicyclist injury rates reveal a different ethnic pattern: they were much lower than pedestrian rates, and while Asians had the highest rate ofpedestrian injuries, they had the lowest rate of bicyclist injuries. Black children, followed by white and Hispanic children, had the highest bicyclist injury rates.
During the two year study period, 15 children died from their injuries, yielding an average annual fatality rate of 8/100 000/year. The case fatality rate for all injuries was 5/100 hospital treated incidents; among pedestrians the rate was 6/100, and among bicyclists it was 3/100.
INCIDENT LOCATION
When collisions were plotted on a map of Long Beach, incident locations were found to cluster in one area of the city. Nearly half of all collisions occurred within this fairly well defined geographic area, which covers approximately 9 1 square miles. This area is characterized by numerous apartment buildings, narrow streets, numerous parked cars, a paucity of 
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Pedestrian and bicyclist injury rates/100 000/year by age and mechanism, Long Beach, CA, 1988-90. 95 % , of the incidents occurred during daylight hours and therefore differential lighting conditions probably do not present a bias. However, the present study allowed no control over traffic volumes or traffic behavior, which may vary considerably during the day, especially on streets used by commuters. Differences in time of evaluation between the incident and the observation of the incident location may lead to some bias in the determination of traffic patterns and vehicle speed.
Based on these findings, the incidence rates and the variations according to age, gender, and ethnicity are comparable with those determined by other investigators. One national estimate, based on police reported pedestrian injuries in six states, was 76 9/100 000 for boys and girls combined, 14 years and younger.6 If our cases had been determined solely on the basis of police reports, we would have had a pedestrian incidence rate of 108 5/100 000. National rates were highest among boys aged 5-9 years; the police based estimate was 142 4 whereas we found an incidence rate of 211 for 5-9 year old boys. The Massachusetts Statewide Childhood Injury Prevention Program reported a pedestrian injury rate of 160 per 100000 for 0-12 year olds and 13-19 year olds,'6 based on hospital (emergency department and admission) records and coroner reports. The Northeast Ohio Trauma Study reported a non-fatal injury incidence rate of 198/100 000 for children [5] [6] [7] [8] [9] years. '7 The discrepancy between injury rates for police and hospital reports has important implications for injury surveillance. Comprehensive population based surveillance must combine case ascertainment from many reporting sources because no single source can be expected to identify all injured pedestrians. Police do not respond to all traffic incidents and, even if they did, not all children are hit in 'traffic' situations; a distinct minority are struck on private property under conditions that may or may not generate a police report. Occasionally an injured child is transported to medical care by private vehicle before police arrive at the scene. Similarly, cases identified through hospital records also suffer from selection bias. Children who are not medically treated, or who are treated by a primary care physician in a non-hospital setting, are seldom identified. In this study, however, we found hospital records for every police reported incident. The rates reported here are based on injuries serious enough to require emergency treatment and should not be interpreted to include all severities of childhood pedestrian injuries.
Non-white ethnicity is also an established risk marker for pedestrian injuries.39 18 In Long Beach, we found all non-white groups to be at increased risk compared with Enforcement as an injury prevention strategy centers largely on control of motor vehicle speeds and obedience to traffic signs and signals. For enforcement to have long term effects this strategy must be implemented consistently over a long period. In our study, 13% of the incidents involved a hit-and-run by a motorist. Increasing police attention to hitand-run incidents involving children may serve, in the long term, to reduce this type of injury event.
Environmental strategies involve physically separating the pedestrian from vehicle traffic such as through the creation of separate pathways or physical barriers, and traffic pattern modifications like calming and sequence control. These changes may improve the visibility of relevant safety factors (for example, signs, crosswalks) for both drivers and pedestrians. Since they do not require changes in behavior, the environmental strategy has the advantage of being passive to the pedestrian. On the other hand, the necessary modifications can be expensive to implement.
Based on the results of this study, several possible environmental changes may be considered. The combination of highly visible international crosswalk designations with speed control devices, such as ceramic roadway markers that jolt the driver's attention, could increase safety in and around crosswalks. One way roads may increase driver ability to constantly survey the environment. Diagonal, rather than parallel, parking could increase the buffer zone between pedestrian movement and traffic, and may, therefore, prevent dart-outs. Introducing fenced-in play areas for children may also be effective in reducing dart-out injuries, especially in those areas where children presently have few play area choices. These strategies are intuitively attractive but need to be rigorously evaluated for effectiveness as well. 
